The presence of a pentose cycle has been demonstrated in almost all organisms that have been critically examined. However, it is yet to be demonstrated in a saprophytic mold. Sih and Knight (1956) have reported that Penicillium chrysogenum strain NRRL 1951 B25 contained significant quantities of pentose and heptulose phosphates, and Heath and Koffier (1956) showed that ribose-5-phosphate was metabolized by the cell free extracts of P. chrysogenum strain Q176; all of which suggests that the pentose cycle may also be operative in this organism. The present investigation shows the conversion of ribose-5-phosphate to sedoheptulose-7-phosphate, and the conversion of the latter to hexosephosphates.
Q176; all of which suggests that the pentose cycle may also be operative in this organism. The present investigation shows the conversion of ribose-5-phosphate to sedoheptulose-7-phosphate, and the conversion of the latter to hexosephosphates.
MATERIALS AND METHODS P. chrysogenum strain NRRL 1951 B25 from the departmental stock was used throughout this study and the cells were grown in the medium previously described (Sih and Knight, 1956 ).
After 48 hr of incubation on a rotary shaker the mycelia were harvested, washed in distilled water, and dried at room temperature.
Preparation of cell free extracts. One g of dried cells was ground with a mortar and pestle until a fine powder was obtained. The powder was mixed with 1 g of levigated alumina and 50 ml of distilled water, and the suspension was irradiated at maximum oscillation for 15 min in a "raytheon" magnetostrictive oscillator (10 kc). Analytical methods. The barium hydroxidezinc sulfate reagent of Somogyi (1945) was used to separate free sugar from sugar phosphates. Total and free pentose and heptulose were estimated by the orcinol reaction of Mejbaum (1939) , using 40-min heating periods, and the concentrations were calculated by solution of the simultaneous equations given by Horecker et al. (1953) . Total and free hexoses were determined by the anthrone method of Trevelyan and Harrison (1952) and by the cysteine sulfuric acid reagent with 0.2 ml of a 0.05 per cent mannose solution added to get more absolute values (Dische et al., 1949) . The values for sugar phosphates were then obtained by subtracting the free sugar from the total sugar. Fructose was assayed by the method of Roe (1934) . Triose phosphate was determined as alkali-labile phosphate, and inorganic phosphate was estimated by the method of Fiske and SubbaRow (1925 Benson et al. (1950) . The paper when sprayed with acid ammonium molybdate showed the presence of glucose-6-phosphate and fructose-6-phosphate. Glucose-6-phosphate was further identified by measuring the reduction of TPN at 340 m,u by Zwischenferment.
Sedoheptulose-7-phosphate was isolated by placing a deproteinized aliquot on a dowex-lformate column and eluting with the formic acid-sodium formate system of Horecker et al. (1953) . The first peak (figure 2) was identified as se(loheptulose-7-phosphate. It gave an orcinol spectrum identical with that of an authentic sample. Upon dephosphorylation it had the same Rf value as sedoheptulose on paper chromatograms developed with NH3: methanol: water (10:60:30); it also gave the blue color specific for heptuloses when treated with the spray reagent of Klevstrand and Nordal (1950) .
Further elution of the column gave two moie FRACTION Figure 2 . Sugar phosphates separated on a dowex-1 column. Reaction mixture contained 640 moles of ribose-5-phosphate and 10 ml of enzyme preparation; total vol was made to 40 ml with 0.02 M tris-(hydroxymethyl)aminomethane buffer, pH 7.4. Incubation was for 45 min at 30 C. Proteins were removed by heating at 100 C for 5 min. The neutralized filtrate was chromatographed on a dowex-1-formate column, 15 by 2.6 cm; fractions were eluted with 0.2 N formic acid containing 0.03 iu sodium formate. [voi,. 73 on September 13, 2017 by guest http://jb.asm.org/ Downloaded from peaks shown in figure 2. The first peak was identified as ribose-5-phosphate by its orcinol spectrum and its failure to react in the cysteine-carbazole reagent of Dische and Borenfreund (1951) . The second peak was identified as ribulose-5-phosphate. The orcinol and cysteine-carbazole spectra showed a maximum absorption at 540 mu. When dephosphorylated with wheat germ phosphatase and sprayed with the reagent of Klevstrand and Nordal (1950) , the compound gave a reddish orange color which fluoresced under ultraviolet light.
The conversion of hexose phosphates to pentose phosphate could be demonstrated when a mixture of fructose-6-phosphate and fructose-1 6-diphosphate was incubated with the enzyme extract. A significant increase at 670 m,u in the orcinol reaction was noted after 80 min of incubation (figure 3). Since the commerical hexosediphosphate contained approximately 10 per cent fructose-6-phosphate, it was purified by passing it through a column of dowex-1-(Cl-) resin as described by Khym and Cohn (1953) . When this purified sample of fructose-1,6-diphosphate was incubated with the extract, no significant increase was noted at 670 m,t with the orcinol reaction.
Formation of diphosphate esters. When ribose-5-phosphate was incubated with the cell-free preparation, no hexose-diphosphate or sedoheptulose-1,7-diphosphate could be isolated on the dowex-1-formate column. However, when 20 ,umoles of dihydroxyacetone phosphate was incubated with 2 ml of the enzyme preparation for 30 min, approximatelv 5 ,umoles of fructose-1, 6-diphosphate was isolated by using the method of Khym and Cohn (1953) . The compound gave a maximum absorption peak at 560 m,u with the cysteine-carbazole reagent of Dische and Borenfreund (1951) , and had a phosphorus to fructose ratio of 1.89:1.00.
A reaction mixture containing dihydroxyacetone phosphate and erythrose-4-phosphate was incubated with the enzyme preparation. The orcinol spectrum of aliquots of the reaction mixture showed maximum absorption at 570 m,u, the wave length at which sedoheptulose has an absorption maximum (Horecker et al., 1953) , and figure 4 shows the increasing absorption at 570 m,u as the reaction progressed. Concomitantly, fructose-1,6-diphosphate was formed as before from the dihvdroxyacetone phosphate.
Isolation and further characterization of the sedoheptulose-1, 7-diphosphate was not undertaken because of the slight amounts formed and the scarcity of erythrose-4-phosphate. When ribose-5-phosphate was incubated with the enzyme preparation, ribulose-5-phosphate, sedoheptulose-7-phosphate, fructose-6-phosphate and glucose-6-phosphate were formed. This indicates that the organism contains the following enzymes: pentose phosphate isomerase which converted ribose-5-phosphate to ribulose-5-phosphate; transketolase which converted the pentose phosphates to sedoheptulose-7-phosphate and triose-phosphate; and transaldolase which converted the latter phosphoric esters to fructose-6-phosphate. The fructose-6-phosphate was further converted to glucose-6-phosphate by the enzyme phosphohexo-isomerase, and some of it may have been converted to pentose phosphate by the action of transketolase in the presence of 3-phosphoglyceraldehyde. The actual pentose substrate of transketolase is believed to be xylulose-5-phosphate because Stumpf and Horecker (1956) have showvn it to be the product of purified transketolase. However, xylulose was not detected in this work, because it reacts the same as ribulose in the analytical reagents used.
When fructose-I ,6-diphosphate was incubated with the enzyme preparation, no significant quantities of pentose phosphate could be detected. Thus it appears that the number one carbon of phosphate esters that participate in the transketolase reaction has to be free of a phosphate group. This is in agreement with Horecker et al. (1953) , who showed that the purified spinach transketolase was inactive on ribulose-i , 5-diphosphate.
Although the diphosphate esters could not be isolated when ribose-5-phosphate was the substrate for the enzyme preparation, fructose-1,6-diphosphate was formed from dihydroxyacetone phosphate and sedoheptulose-1 ,7-diphosphate was formed from dihydroxyacetone phosphate and erythrose-4-phosphate. The organism contains the enzymes triose phosphate isomerase and aldolase to convert dihydroxyacetone phosphate to fructose-1,6-diphosphate. It is realized that the formation of sedoheptulose-1,7-diphosphate is less well established. However, since the organism does contain an aldolase, it should be able to condense dihydroxyacetone phosphate with erythrose-4-phosphate similar to muscle aldolase (Ballou et al., 1955) .
